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ABSTRACT

This investigation indicates that the bomb (body-fin configuration)
was stable both longitudinally and directionally and had neutral effec-~
tive dihedral except at large negative angles of attack. The addition
of the pylon caused a shift in trim angle of -4° at most Mach numbers
as well as causing the bomb to have negative effective dihedral at all
positive and small negative angles of attack. This addition of the
pylon had little or no effect on the directional stability characteris-
tics of the bomb.
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AND DIRECTIONAL STABILITY CHARACTERISTICS OF A

1/10-SCALE MODEL OF THE CONVAIR TCP BOMB™

COORD. NO. AF-AM-145

By James C. Patterson, Jr.
SUMMARY

The static longitudinal, lateral, and ‘directional stability char-
acteristics of a l/lO—scale model of the Convair TCP bomb have been
investigated in the Langley 8-foot transonic tunnel. During this inves-
tigation the Mach number ranged from 0.80 to 1.2 over an angle-of-attack
range of -12° to 6° at various sideslip-angle settings of 0°, +2°, and
50, The contribution of the fins and pylon to the static stability of
the bomb has been determined over an average Reynolds number range of

12.71 x 109 to 13.53 x 10° based on body length.

The results of this investigation indicate that the bomb (body-
fin configuration) is stable longitudinally and directionally through-
out the transonic speed range. The addition of the pylon to the bomb
configuration caused a -4° shift in trim angle at most Mach numbers, as
well as causing the effective dihedral to become negative at all posi-
tive and at small negative angles of attack. This addition of the
pylon caused little or no change in the directional stability character-

istics of the bomb.
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INTRODUCTION
Uy

An investigation of the static stability characteristics of a l/lO-
scale model of the Convair Two Component Pod (TCP) bomb at transonic
speeds has been made at the request of the U. S. Air Force.

The contributions of the fins and pylon to the static longitudinal,
lateral, and directional stability of the bomb were investigated in the
Langley 8-foot tunnel over a Mach number range of 0.80 to 1.2, through
an angle-of-attack range of -12° to 6° at sideslip settings of 0°, *2°,
and 5°. The average Reynolds number, based on body length, varied from
12.71 x 10% to 13.53 x 10°.

SYMBOLS

All force and moment coefficients were reduced about the body axis
having the sign convention shown in figure 1. The moment reference .
center was located at the 17.46 body station.

L]
CN normal-force coefficient, Xormal force
qAp
‘/
Ca axial-force coefficient, ééiﬂixigﬁsg
B
Crn pitching-moment coefficient, Litching moment
C, rolling-moment coefficient, Rolling moment
Cp yawing-moment coefficient, L2Wing moment
Cy side-force coefficient, Side force
qAB
CA@:OO axial~force coefficient at zero angle of attack
Ap me:imum cross-sectional area, 0.07568 £t2
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d maximum cross-sectional diameter, 0.31042 ft
q free-stream dynamic pressure
M free-stream Mach number
R Reynolds number
a angle of attack, deg
B angle of sideslip, deg
c oC, 1
= —— per de
c oC, 3
= —=~ per deg
i fin incidence, deg

APPARATUS

Tunnel

The Langley 8-foot transonic tunnel has a longitudinally slotted
test section to permit continuous operation throughout the transonic
speed range up to a Mach number of 1.2 without choking. Complete details
of the Langley 8-foot transonic tunnel are presented in reference 1.

Model

The model used in this investigation consisted of a body of revolu-
tion having a fineness ratio of 10.92, a pylon used to attach the bomb
to the aircraft, and three fins set at 120° gpart with the lower fin
vertical as shown in figures 2 and 3. The two upper fins will be
referred to as the horizontal fins throughout this report.

Tests and Measurements

Tests were made in the Langley 8-foot transonic tunnel through a
Mach number range of 0.80 to 1.2 on the basic body; body and pylon;
body and fins (it = OO>; and body, horizontal fins (it = 0°, 20), and
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pylon. These configurations were tested over an angle-of-attack range

of -12° to 6° and at various sideslip settings of B = 09, #20, and 5°. &
A test was also made with the body-pylon-fin (it = OO) configuration “
rotated 90° with respect to the horizontal and at an angle of attack of

-5° while the angle of sideslip was varied from -12° to 6°. Transition

was fixed during the entire investigation by applying No. 100 carborundum

grain to the forward 10 percent of the bomb body.

A six-component strain-gage balance, internally mounted and
attached to a sting support system, was used to measure the forces and
moments experienced by the model. The angle of attack was measured by |
an electrical strain-gage pendulum device located just ahead of the
balance. The base pressure was measured by a static-pressure orifice
Just inside the base of the model and was used to correct the pressure
at the base of the model to that of the free-stream static pressure.

The variation of the average Reynolds number with Mach number is
shown in figure &4.

Accuracy

The following estimated accuracy of the coefficients, based on
balance accuracy and repeatability of the data, is estimated as:

CN « v ¢ v o o o+ & e v e e e e e e e e e e e e e e e e .. 0,01k
I T T T T U < O N o o)1
Ciov v o o e e e e e e e e e e e e e e e e e e e e e e e .. 30.02Y

Cl v v e v e v e e e e e e e e e e e e e e e e e e e e ... 0.0010
Ol v v et e e e e e e e e e e e e e e e e e e e e e .. 30,013

Cy,........................'.....iO.OO'jLL

RESULTS AND DISCUSSION

Basic Aerodynamic Data

The basic data of normal-force, axial-force, side-force, pitching-
moment, rolling-moment, and yawing-moment coefficients plotted against
angle of attack at B = 09, #29, and 5° are presented in figure 5,
Figure 6 presents the variation of the basic data with angle of side-
slip B &t an angle of attack of -5°.
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Longltudlnal Stability

The body-alone configuration was unstable throughout the Mach num-
ber and angle-of-attack range shown in figure 5(a). The addition of
the pylon to the body alone caused little or no change in the longitudi-
nal stability characteristics of this configuration.

The body-~-fin configuration had positive longitudinal stability with
a slight decrease in stability at angles of attack near 0° at Mach num-
bers ranging from 0.80 to 1.03. As the Mach number was increased to
1.2, the curves tended to become more linear.

The data of figure 5(a) show that all configurations except the
body-pylon-fin <it = OO) configuration trimmed at zero angle of attack

at each Mach number. The addition of the pylon to the body-fin (it 00)
configuration resulted in a shift in trim angle from a = 0° to approxi-
mately -4° at all Mach numbers except at M = 1.2 where this shift was
about 1© less. This shift in trim angle experienced by the body-pylon-
fin configuration could possibly be attributed to a change in flow angu-
larity over the fins caused by the pylon. This change in flow angularity
in effect increased the fin incidence resulting in a negative shift in
trim angle. However, by employing a -20 incidence to the horizontal
fins, the configuration was made to trim at an angle of attack of 0° at
all Mach numbers except at a Mach number of 1.2 where the trim angle

was moved to an angle of attack of 10,

Al]l configurations employing fins were stable at each sideslip
setting used during this investigation with pitching moments similar to
those at B = 0°. (See figs. 5(a), (c), (e), and (g).)

Lateral Stability

The body-fin configuration had neutral effective dihedral at all
positive and small negative angles of attack at each Mach number shown.
(See fig. 7.) As the angle of attack was decreased further thls con=-
figuration became unstable except at angles of attack below -11° at a
Mach number of 0.80 where the body-fin configuration had positive effec-
tive dihedral (-Clﬁ).

The body-pylon configuration had positive effective dihedral through-
out the angle-of-attack and Mach number range. The degree of effective
dihedral decreased with an increase in angle of attack.

The combination of the pylon and -fins caused the bomb to have nega-
tive effective dihedral at all positive and small negative angles of
attack (-2° or less). The flow interaction between the pylon and
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the horizontal fins plus the fact that the lower vertical fin was more
exposed in these attitudes could possibly cause this loss in stability.

Directional Stability

The body-pylon configuration had negative static directional sta-
bility throughout the angle-of-attack and Mach number range except at
a = -10° at a Mach number of 0.80. (See fig. 8.)

The body-fin configuration was stable throughout the entire angle-
of-attack and Mach number range with a greater degree of stability at
positive angles of attack. This increase in stability could possibly
be attributed to the lower vertical fin emerging from the wake of the
body; thus, more fin area was exposed to the flow, increasing the fin
effectiveness at these positive angles of attack.

The addition of the pylon to the body-fin configuration had only a
slight effect on the directional stability of the body-fin configuration;
this effect added to the stability of the bomb except at negative angles
of attack greater than -9°,

Axial Force

The addition of the pylon to the body-fin configuration increased
the axial-force coefficient by an increment of approximately 0.02 at
Mach numbers ranging from 0.80 to 0.95. (See fig. 9.) Above the drag-
rise Mach number (M = 0.95) the increase in axial force became greater
with a maximum increase of 0.034 at a Mach number of 1.2.

The -2° fin incidence employed had only a slight effect on the
axial force.

CONCLUDING REMARKS

The results of this investigation of a l/lO—scale model of the
Convair TCP bomb indicate that the bomb (body-fin configuration) is
stable longitudinally and directionally throughout the transonic speed
range.

The addition of the pylon to the bomb configuration caused a -4°
shift in trim angle at most Mach numbers, as well as causing the effec-
tive dihedral to become negative at all positive and at small negative
angles of attack.

- ®
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The addition of the pylon to the bomb configuration had little or
no effect on the static directional stability characteristics of the

bomb.

Langley Research Center,
National Aeronautics and Space Administration,

Langley Field, Va., September 19, 1958.
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Figure 7.- Variation with angle of attack of the effective dihedral
parameter.
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Figure 8.- Variation with angle of attack of the static directional
stability derivative.
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Figure 9.- Variation with Mach number of the axial-force coefficient
at zero angle of attack.
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